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Abstract: Sectoral gender segregation in labor markets is a fact. This paper examines the female
distribution of employment by sectors in the EU 28, thereby contributing to the literature on the
effects of the recession and subsequent austerity measures on female employment. An input-output
model and structural decomposition analysis are used to assess the contribution of factors such
as technological change, productivity change and final demand change. The latter had a positive
impact over the period of analysis by creating new job opportunities for women, especially in the
public service sectors, whereas productivity growth had a negative impact, particularly in the private
service sectors. These changes have resulted in a reduction in the level of gender sectoral segregation;
change in household expenditure again is the main driver of this reduction. Changing trends in labor
requirements and gross capital formation have the opposite effect; thus, these trends increase the
level of sectoral segregation.
Keywords: female employment; EU-28; crisis; structural decomposition analysis; input-output
analysis; sectoral gender segregation index
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1. Introduction
Gender differences in employment have drawn growing attention in the last few decades. It is
now commonplace to hear leaders and institutions stressing the need to reduce gender inequalities
and break with traditional economic principles by seeking to balance wealth creation with wealth
distribution between men and women. Feminist economists, however, see the pursuit of economic
development through the economic empowerment of women as a flawed approach and call for a serious
reconsideration of the androcentric economic system, which is focused exclusively on monetization
(Karamessini and Rubery 2014a; Pérez Orozco 2005) and shows a general disregard for dependency
relationships between individuals, while also eluding any responsibility for people’s living conditions
(Gálvez Muñoz and Rodríguez-Modroño 2017). The aims of the feminist economic movement are to
broaden economic perspectives by bringing to the fore the active role played by women, which has
long been forced into oblivion, and by pointing out and presenting the evidence for gender-power
relationships within the current economic system and showing them to be susceptible to economic
assessment (Pérez Orozco 2005). These feminist critics have led some researchers to flag the need
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to focus a “gender lens” on economic, social, managerial, organizational and labor relationships
(Gálvez Muñoz and Rodríguez-Modroño 2017; Rubery and Hebson 2018).
Workers’ available options are limited by the hierarchically-ordered categories of gender, race and
nationality into which they are classified by society, thus allowing some groups to benefit at the expense
of others (Alonso-Villar and del Río 2017a). One of the mechanisms through which between-group
inequalities persist is through gender-based job segregation. Work is not fairly distributed; men
and women hold clearly differentiated positions in the social hierarchy, both in the home and in the
workplace (Maruani 2000). Thus, even in the realm of paid work, gender differences persist. In the
labor market, gender inequality can take the form of wage differences, job segregation and/or unequal
opportunities for promotion (Aldaz Odriozola and Eguía Peña 2016).
Gender-based job segregation is the term used to describe the tendency towards an
inequitable distribution of men and women among workforce echelons, occupations, and industries
(Steinmetz 2012). Vertical gender segregation leaves men dominating the upper echelons within
the same occupation, and women underrepresented in managerial positions. Horizontal gender
segregation presupposes that men and women will take up different occupations. Finally, industrial or
sectoral gender segregation leads to certain economic sectors being largely dominated by employees of
one gender (Tonoyan et al. 2020). Gender segregation results in the over-representation of women
in lower-paid, lower-status1 sectors and occupations (OECD 2017; European Commission 2017),
where they tend to be undervalued and offered fewer opportunities for career advancements (Blau
and Winkler 2018). The cumulative effect of all these circumstances often reaches beyond labor
market issues leading to poverty, social discrimination or over-dependence on the welfare system
(Aldaz Odriozola and Eguía Peña 2016).
Despite the observed changes in labor markets across the world, women remain overrepresented
within certain types of sectors around the globe (Yurtoglu and Zulehner 2009; Pena-Boquete et al. 2010;
Steinmetz 2012; Tonoyan et al. 2020; Borrowman and Klasen 2020; Blau and Kahn 2017). This sectoral
gender segregation, which is the focus of our analysis, contributes to the gender pay gap (Hegewisch
et al. 2010; Hegewisch and Liepmann 2014; Blau and Kahn 2017; Alonso-Villar and del Río 2017a;
Blau and Winkler 2018; Sin et al. 2017). Over time, human capital factors (mainly work experience
and education) have lost explanatory power for the wage gap (Scicchitano 2012, 2014). As women
have increased their productivity by enhancing their skills, knowledge and experience, the role of
human capital in the gender wage gap has been squeezed out (Goldin 2014), while that of gender-based
occupation and sector segregation has grown (Kunze 2018; Boll et al. 2016, 2017; Boll and Lagemann
2018; European Commission 2019; Perugini et al. 2019). According to Bettio et al. (2013), however,
while female employment trends are heavily affected by both sectoral and occupational job-loss
patterns during an economic downturn, the distinctly sectoral impact of economic crises makes the
sectoral factor the stronger one. Karamessini and Rubery (2014a) concluded that sectoral segregation
appeared as the main determinant of the pattern of job changes during the recent recession and
subsequent periods of austerity. Nevertheless, despite its increasing role as a determining factor of
gender inequality in the labor market, sectoral segregation has been neglected in the vast majority of
empirical studies (Pena-Boquete et al. 2010; Borrowman and Klasen 2020).
Following upon findings suggesting a relationship between structurally-driven sectoral output
shifts and female labor force dynamics (Gaddis and Klasen 2014), there have also been efforts (Goldin
1994; Choudhry and Elhorst 2018; Lechman and Kaur 2015) to analyze changes in the female labor force
participation rate as a function of a country’s economic development. The literature claims that sectors
using more labor-intensive technology tend to employ larger shares of women workers (Caraway 2006;
Saraçoğlu et al. 2018), and contribute more to changes in the female share of employment (Kucera
and Tejani 2014). So-called added and discouraged effects are additional factors that can theoretically
1 The ILO (2016) argues that most jobs classed as informal, temporary, part-time or low-paid are performed by women.
Economies 2020, 8, 64 3 of 24
contribute to gender differences in labor supply decisions. After a period of unemployment, some
workers give up job seeking in the belief that low employment rates will prevent them from finding
work. Thus, they become discouraged workers. This also has a compensatory effect among the population,
since the need to make up for a lost job, and thus a lost source of family income, does, in fact, bring
more workers into the labor market. These are termed added workers. According to the European
Commission (2017), partnered women represented the bulk of added workers in Europe during the last
recession, while the majority of discouraged workers were men (Bettio et al. 2013). Another approach
uses the buffer and substitution hypothesis to explain the changes in female employment (Rubery 1988).
The buffer effect refers to women workers being used as a demand shock absorber by being hired when
the economy expands and fired when demand slows down. Substitution is the effet whereby men
are replaced with women because times of crisis bring pressure for cost reduction, and female labor
is usually cheaper. In the substitution hypothesis, female employment is considered as a secondary
labor source. The literature also suggests sectoral gender segregation as a possible reason why women’s
employment growth is less sensitive than men’s to economic cycle effects (Razzu and Singleton 2016,
2018; Peiró et al. 2012).
The latest economic recession had a gendered impact on labor markets. The basic explanation
for this, in the case of the EU, lies in the high level of gender segregation in EU labor markets,
where the crisis had a sectoral dimension and the public policies implemented to tackle it were too
sector-oriented (Périvier 2014). Connelly and Kongar (2017) report that the first effects of the recession
in several industrialized countries were felt in the manufacturing and construction industries and
certain branches of the financial sector. Since these sectors are mainly occupied by men, the initial
decline was much deeper in male than in female employment (Bettio et al. 2013; Périvier 2018), thereby
leading Karamessini and Rubery (2014a) to dub it a “he-cession”. The drop in final demand was
associated with a drop in trade and the manufacturing and construction sectors, while employment
in the services sectors fell only slightly and in some cases even increased (OECD 2012). As a result,
female employment was less affected2 and the gender gap in employment actually narrowed (Bettio
and Verashchagina 2014; European Commission 2017). The response to the crisis in many countries
was to implement fiscal policies that would favor physical infrastructure over social infrastructure
or social services (Connelly and Kongar 2017). Although these policies boosted employment, they
benefited men more than women.
Indeed, the austerity measures, brought in by many countries in the EU 28 in the post-recession
period, involved reductions in government spending for publicly-provided goods and services, which,
for various reasons affected the labor market, inequality and social stability (Perugini et al. 2019),
and had a greater impact on women than men. Firstly, these measures had a sectoral, and inevitably,
therefore, a gender component (Martínez-Tola et al. 2018), because the sectors experiencing the greatest
reductions were those where women provide the main workforce. The public sector employed a large
percentage of women, most of whom were educated women (United Nations 2017; OECD 2012). In
gender-relative terms, therefore, austerity measures are more detrimental for female than for male
employment. In this sense, sectoral segregation has ceased to protect against job loss and has become a
factor in unemployment risk exposure (Karamessini and Rubery 2017). In order to achieve gender
equality, the economy needs to reduce occupational and sectoral segregation, both by employing more
women in male dominated sectors, and encouraging more men into female dominated sectors.
Secondly, these measures appear to be having a differential effect, since the worst affected,
alongside the older and low-income groups, are women, who are often more dependent on state
income support and social services than men (Karamessini and Rubery 2014b) and thus more vulnerable
to austerity measures (Rubery 2015; Kushi and McManus 2018). The deterioration of the welfare state,
2 The protective effect of gender segregation on female employment in less cyclical sectors had also been identified in previous
recessions (Rubery 1988; Rubery and Rafferty 2013).
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in areas such as childcare, social and eldercare services, results in families having to provide these
services, usually in the form of unpaid female labor (Rubery and Rafferty 2013). Indeed, due to gender
inequality, women are still expected to take responsibility for the care of their families, neighbors and
communities and (Bargawi et al. 2017) as recently thrown into focus by the COVID-19 health crisis,
the wider repercussions of this affect women more severely than men (Alon et al. 2020). In this sense,
Sevilla and Smith (2020) and Adams-Prassl et al. (2020) find that women are taking on the majority
of the additional home childcare and are more likely than men to have stopped working during the
lockdown, because the crisis has most severely hit service sectors where workers have frequent social
contact and women are over-represented (Hupkau and Petrongolo 2020; Thomason and Macias-Alonso
2020).The lack of flexible work arrangements can also result in one member of the household having
to quit work to care for the family and this, under the current division of labor, is very likely to be a
woman (Alon et al. 2020). In addition, working-age women have proved more susceptible to the virus
than working-age men, partly due to the fact that women form the bulk of the health sector workforce
(Bertocchi 2020).
Governments do not take non-market and unpaid work into account when implementing their
macroeconomic policy framework. Although the focus of this study is on the paid labor, it is
also important to acknowledge the contribution of unpaid work in maintaining social wellbeing.
Conventional economic theories take labor as a given input. However, to maintain the labor supply,
unpaid work is always necesssary. Every human being needs someone to take care of them at some
point, be it as newborns, as they get old, as they get sick, for cleaning, for preparing meals, etc. These
services were historically and are even today largely performed by women. These gender norms
reinforce and maintain inequalities inside the life of households.
The result is that, by being expected to take on a larger share of household work and family
support, women see their capacity for formal employment undermined (Kushi and McManus 2018).
Women´s need to reconcile work and family care poses a series of challenges if they are to meet the
degree of effort, flexibility and continuity required in their jobs, thus leaving them at a disadvantage
when it comes to attaining better-paid and higher level posts (Perugini et al. 2019), or even entering
the labor market at all. Often, gender equality issues have been discussed by women’s participation
rate, paying little attention to wether women’s entry to the labor reduces the time they are able to
devote to unpaid work and requires more unpaid work hours from men. That is, if women entering
the labor market signifies real structural systematic change or simply an addition to their work load
(Bargawi et al. 2017). Women are also more vulnerable to a recession because they are predominantly
engaged in part-time or temporary jobs and various forms of informal or self-employment (Karamessini
and Rubery 2017). All these circumstances lead Karamessini and Rubery (2014a) to dub this period
“sh(e)austerity”.
Several papers published since the 2008 economic crisis have addressed the impact of the decline
in economic activity on female employment; an effect mediated by the existence of marked sectoral
segregation (Martínez-Tola et al. 2018). The form and pattern of this segregation may vary; and
whether it exposes or protects women depends on different recessionary effects across sectors; but,
once recovery starts, changes in gender segregation are possible if gender substitution takes place
(Rubery and Rafferty 2013).
This research uses a gender biased input-output employment model (Gunluk-Senesen and Senesen
2011) to analyze changes in female sectoral employment in the European Union between 2008 and
2018. Specifically, input-output tables and the demand model developed by Leontief (1974) are
used to conduct a structural decomposition analysis (SDA)3. This involves computing the number
of jobs created in a given sector focusing not only on the employer sector, but also on the indirect
3 Other decompositions, based on shift-share analysis, can be found in the literature, but they consider only two components:
the demographic effect and the participation effect (Rubery 1988; Périvier 2014; Rubery and Rafferty 2013).
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generation of employment through inter-sectoral links (Gunluk-Senesen and Senesen 2011). This
approach is inspired by the contribution of Skolka (1989) who analyzes variations in the use of labor
in the Austrian economy due to structural and technological change. Thus, the sources of variations
in female employment can be broken down into two components: technological change and final
demand change. Technological change can, in turn, be due to variations in intermediate consumption
demand or in female labor requirement (deriving from changes either in the female participation rate
or in productivity). The second component, final demand change, may be a reflection of absolute
change in final demand or change in its structural composition (household expenditure, public sector
expenditure, gross capital formation and exports). All these changes are calculated4 and then used to
compute different segregation indexes in order to assess the significance of each source of change in
the level of gender sectoral segregation in the European labor market.
Other authors have used input-output methodology to study patterns in specific forms of labor
and in different contexts: Forssell (1990) studies changes in the use of labor in Finland by education
levels; Gregory et al. (2001) analyses the effect of growth in domestic demand, international trade and
technological change in the skill structure of employment in UK; Schaffer (2007, 2008) considers gender
patterns in German labor markets; Belegri-Roboli et al. (2011) use it to study the determinants of labor
productivity change in Greece; Tin (2014) to analyze the sources of labor growth in the Malaysian
manufacturing sector; Danchev et al. (2014) for the analysis of the Greek labor market following the
2008 crisis; Simas et al. (2014) to quantify the extent of the bad labor footprint associated with final
demand; Salgueiro et al. (2016) to examine employment rates by level of education; Carrascal (2017)
for a study of youth employment in European countries; Rueda-Cantuche and Sousa (2017) to study
women’s share in export-related employment in the EU; Saraçoğlu et al. (2018) to analyze the effect of
changes in trade patterns in women’s sectoral employment in 30 countries for the period 1995–2011;
Simas and Wood (2018) to evaluate the impact of European household consumption on domestic
and foreign labor, Duarte et al. (2019) to quantify the change in female employment rates in Spain,
Kim et al. (2019) and De Henau and Himmelweit (2020) to compute the gender effect on employment
brought about by public investment in care services.
It is important, however, to acknowledge the limitations of this research. The first constraint is the
need to work with monetary figures due to the unavailability of I-O tables in constant prices. Also, given
that the objective of the paper is to analyze labor patterns, a more precise measure than the number of
employees, such as the number of worked hours, would have enabled us to calculate full- time equivalent
employment and determine whether the majority of new job opportunities for women prove to be
part-time jobs. If sector-gender breakdown statistics on jobs had been available, the change in occupational
(as well as sectoral) segregation could have been analyzed. Furhermore, national input-output tables for
the reference period would have enabled the analysis of cross-country differences, taking into account
country-specific effects on labor market performance, particularly in relation to women.
The paper is structured as follows. The next section presents the methodology, data sources and
main European employment trends, with a specific focus on the evolution of female employment
patterns. It is followed by a section explaining and discussing the empirical results of the structural
decomposition analysis. The last section offers the discussion and main conclusions.
2. Methodology
2.1. Structural Decomposition Analysis
The structural decomposition analysis is based on input-output tables and on the specifications
of the demand model, in order to capture both direct and indirect effects of sectoral demands. The
4 This is to evaluate changes in male and female employment, and thus compute the respective sectoral segregation indexes.
In the results section, however, the exposition and analysis consider changes only in female employment.
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basic concept underlying the input-output model is that the production of an output (X) requires
some inputs. Input-output links are considered using a double-entry framework to create a so-called
input-output table. This matrix, in which the economic system is decomposed for analysis into n
number of production sectors, considers all payments to and from a sector within a year. Intermediate
inputs (xij) are goods and services used in the production process and not intended to be sold for final
use, but instead for producing other goods and services. The columns (j) show sectors which purchase
inputs and the rows (i) show sectors which sell outputs. Final use of outputs (D) can be broken
down into final household consumption expenditure, final government consumption expenditure,
gross capital formation and exports. Production, meanwhile, can be divided into intermediate inputs
and value added. Value added can, in turn, be separated into operating surplus and compensation
of employees.
Based on the input-output table, Leontief proposed the well-known demand model, which can be
expressed as follows:
X = (I −A)−1·D (1)




; (I −A)−1 is the Leontief inverse matrix, which will be denoted by M in the following
equations; D is a vector of sectoral final demands. Therefore, the model can be written as X = M·D.
If data on the use of other inputs, such as female employment, are available, it is possible to
account for the female employment coefficient.
W j = w j/X j (2)
where w j is the number of women working in the jth sector and X j denotes its output. Thus, W j refers
to the number of women needed to produce one unit of output in the jth sector. It is a diagonal matrix
of direct female labor requirements per sector.
By combining expressions (1) and (2), it is possible to express the number of women working
in a sector as the product of multiplying the female employment coefficient by the Leontief inverse
matrix by the demand vector. Thus, female employment by sector depends on three main factors: the
number of female workers each sector needs to produce one unit of output (W), the dependence of
each sector on inputs from other sectors per unit of demand (Leontief inverse matrix) and, finally, the
volume of final demand per sector. In other words, in each sector, female employment depends on the
quantity of output required to meet final demand (M·D) taking into account the number of female
workers required per unit output (W).
w = W·M·D (3)
Since the aim was to study female employment change before and after the recent crisis, at
times 0 and t, the expression for computing this change, and the basis for the remaining steps in the
analysis was:
∆w = wt −w0 = Wt·Mt·Dt −Wo·M0·D0. (4)
Female employment change was then further analyzed by performing a structural decomposition
based on the proposal made by Carrascal (2017). Standard decomposition analysis focuses on a set of
statistical changes in key variables in order to explain economic change (Rose and Chen 1991). The
traditional model explains output change by studying the effects of changes in the use of intermediate
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inputs or technological change5, changes in final demand and interaction between these two variables
(Miller and Blair 2009). Rearranging Equation (4) results in:
∆w = (Wt·Mt −W0·M0)·D0 + W0·M0·(Dt −D0) + (Wt·Mt −W0·M0)·(Dt −D0) (5)
where the effect of technological change, shown in the change in labor requirement (W) and change
in the intermediate input coefficients (M) is computed as (Wt·Mt −W0·M0)·D0, which is a measure of
female employment change in each sector, absent any change in final demand; final demand change as
W0·M0·(Dt −D0), which is a measure of female employment absent any technological change; and the
interaction between the two as (Wt·Mt −W0·M0)·(Dt −D0).
At the same time, technological change can be divided into change in the amount of female labor
required, change in intermediate consumption and the interaction between these two variables:
Technological change = (Wt·Mt −W0·M0)·D0
= (Wt −W0)·M0·D0 + W0·(Mt −M0)·D0 + (Wt −W0)·(Mt −M0)·D0
(6)
Change in the labor requirement can also be further decomposed by expressing the female
employment coefficient per sector (j) as two coefficients: women’s participation and the inverse sectoral













where w j is the number of female workers per sector and l j is the total number of workers per sector.
The female share in total employment per sector is computed by dividing w j by l j (Wuj ). Analogously,
the number of workers required per unit output is obtained by dividing l j by X j (IP
p
j ), which accounts
for inverse productivity measured as total output per worker.
By substitution and rearrangement, the expression for change in female labor requirement can
be disaggregated into change in the female share, productivity change and the interaction of the two.
That is to say:





























Final demand, which accounts for W0·M0·(Dt −D0), can also be split into different components:
changes in final household consumption expenditure, final government consumption expenditure,
gross capital formation and exports, which results in:

























It is important to mention, however, that, there is no unique decomposition (Dietzenbacher and
Los 1998) and results can vary from one decomposition to another, thus biasing the conclusions. The
just-cited authors conclude that the mean of the two polar decompositions is very close to the average
of all possible decompositions, and therefore recommend using the former. Finally, having determined
5 In this structural decomposition method, changes in input-output coefficients are interpreted as technological change, that
is, changes that do not necessarily impact on total technological growth, in the Solow sense of the term (Magacho et al. 2018).
These changes are interpreted as any factor that can cause a change in the technical coefficient, such as technological change,
technical substitution and scale effects (Rose and Casler 1996).
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the two proposed decompositions, the next step is to compute their average. Both effects have the
same weight and the results lie on a middle point.
2.2. Measuring of Gender Segregation
Our focus is on sectoral gender segregation; that is, horizontal segregation across sectors of the
economy. Attempts to understand its changing patterns have led to a multitude of proposals for
composite indices as a basis of comparison over time and across countries (Borrowman and Klasen
2020). In our case, the variation in the level of gender segregation over the study period was measured
by means of the modified version of the dissimilarity index (Duncan and Duncan 1955) proposed by






where k is the number of sectors, and wi and li are the number of women workers and total number of
employed, respectively, in the ith sector. This index takes values between zero and one, with higher
values indicating higher segregation. It can be interpreted as the change in the proportion of women
workers required to eliminate segregation.
Following the recommendation of Alonso-Villar and del Río (2017a, 2017b) an additional measure
(local segregation) was computed to enable a robustness check of the results. The estimated equation












This index takes values between zero and ln(l), with higher values indicating higher segregation.
Given that neither of these indices is affected by the size of the group or the size of the economy, it is
possible to compare the results at different points in time (Alonso-Villar and Río 2017b). As is usually
the case with this type of measure, the index values capture gender segregation only within the formal
labor market, thus ignoring unpaid housework.
These indices are computed based on the change in the number of women and men employed
due to each component in the structural decomposition analysis. Thus, it is possible to analyze the
contribution of each one in the level of sectoral gender segregation throughout the study period.
2.3. Sources of Information
This study analyzed structural change in female employment between the years 2008 and 2018
for the EU 28 using Eurostat data. The data are compiled in accordance with the European System of
National and Regional Accounts (European Council 2013), which is compatible across EU countries
and enables a detailed description of an economy.
First, input-output tables were constructed to show EU 28 aggregate domestic product flows at
basic prices. The tables used are those for the years 2008 and 2018 (Eurostat 2019a). Therefore, the
period selected to analyze the impact of the economic crisis on female employment runs from the onset
of the crisis to once it has been overcome.
Next, aggregate EU 28 female, male and total employment data for the 15 to 64 age groups were
taken from the detailed annual survey section of the EU Labor Force Survey for every year from 2008
to 2018 (Eurostat 2019b).
The input-output model is based on a 64-sector breakdown of the economy; and a 90-sector
level of disaggregation of employment by gender and sector. The employment data were therefore
organized into the 64 sectors of the input-output tables shown in the Appendix A.
According to Gunluk-Senesen and Senesen (2011), one of the key factors determining the
effectiveness of gender-biased input-output employment studies could be whether or not they
recognize the gender factor in the non-homogeneity of labor, and therefore conceptual awareness
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should be complemented with the restructuring of the data compilation to account for women’s labor.
As already stated, a large proportion of female labor is employed in the informal sector and in unpaid
domestic work. As it does not form part of the labor market, it is largely unaccounted for in databases
and is therefore not factored in by structural change and input-output studies. This area of research
also often fails to take this unpaid work into consideration when analyzing structural change. Schaffer
(2007) demonstrates, moreover, that there are differences in the gender composition of labor when
measured as the number of workers rather than the number of hours worked, which is a more precise
measure of the labor factor in production processes. The only available data for this study is a measure
of female labor force participation based on the number of women workers.
3. Results
3.1. The Evolution of Female Employment and Trends in Its Sectoral Distribution
In 2018, total employment in the EU 28 was 222,869,400 jobs (for men and women). As can be
observed in Figure 1, there is a much greater number of men than women in the EU labor market.
Furthermore, men’s and women’s jobs are not equally affected by external factors, as seen during the
latest economic recession.Economies 2020, 8, x FOR PEER REVIEW 9 of 24 
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initial level. The similarity between male and female employment growth rates since 2015, however, 
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grew by 4,896,400. In the first years of the crisis, m re men than women faced job loss, nd later, when
the female employment rate had steadied, male employment continued to decline. From 2014, although
annual male and female employment growth rates become positive6, the overall picture shows that,
unlike male employment, female employment regained, and even surpassed, its initial level. The
similarity between male and female employment growth rates since 2015, however, suggests that female
employment has suffered the effects of the austerity measures adopted by many European countries.
The sectors providing the highest shares of total employment, according to data for 2008, are
manufacturing with 17.3 percent; wholesale and retail trade with 14.3 percent; human health and social
work activities with 9.6 percent; and construction with 8.44 percent. All sectors did not respond in
the same way during the recession and recovery periods, however. While the near majority saw a
decline in total employment at the start of the economic crisis, some, including water supply activities,
accommodation and food services, real estate activities, professional and administrative activities,
6 Durin the recovery stage of previous recessions, annual growth rates were higher for male than for female employment
(Maier 2011).
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education, human health and social work activities and arts increased their shares of total employment
during those years. All of the sectors just mentioned continued this upward trend throughout the
entire period, thus proving their superior dynamics (Kaminioti 2014). Sectors which had begun
on a downward trend and were upward bound by the end of the period include manufacturing,
construction, retail, transportation and storage, information and communication, public administration
and defence as well as other service activities. Meanwhile, agriculture, forestry and fishing, mining and
quarrying and financial and insurance activities followed a downtrend throughout the entire period,
while total employment in the electricity, gas, steam and air conditioning supply sector increased at
first but was on the decline by 2018.
It is important to highlight that the greatest change took place in the construction sector, which,
by 2018, was employing 3,139,800 fewer workers (2,984,000 of them male) than in 2008. The fact that
90 percent of those employed in the construction sector were men explains the high proportion of
male employment loss in that sector. A complete contrast to this appears in the human health and
social work activities sector, which saw a marked rise in employment, with an additional 3,616,400
jobs, 2,878,000 of which went to women, leaving this sector with one of the highest female shares in
total employment7.
In this context, the evolution of female employment is shown in Figure 2 for groupings with more
than one million female workers. The data shown are for 2008, 2011 and 2018. The sectors employing
the largest numbers of women in absolute terms are human health and social work activities (Q),
retail (G), education (P) and professional and administrative activities (M). The ranking of sectors by
number of women employed changed little over the study period. The most noticeable features are the
gradual decline in the number of women workers in the manufacturing (C) and agriculture, forestry
and fishing (A) sectors and the increase in absolute female employment numbers in the human health
and social work (Q), professional and administrative activities (M) and education (P) sectors. These
results are consistent with those reported by Woetzel et al. (2015), who found that women dominated
the services sector in every region of the world (except South Asia), while men dominate the industry
sector worldwide. These authors also report a concentration of women in low productivity sectors.
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Female employment shares per sector, for the 64 sectors of the input-output tables, are shown in
Figure 3, where the horizontal axis shows the sectors ordered from lowest to highest in terms of female
employment shares, based on data from 2008. This graph clearly illustrates the sectoral differences
in the gender distribution of employment. Some sectors, including industry and manufacturing, are
predominantly occupied by men, while others are female-dominated. The data for 2008 show that
the sectors employing the highest percentages of women workers are the households-as-employer
sector (c63), residential care (c57), other personal services (c62), human health (c56) and education
(c56). Those employing fewest women are construction (c27), mining (c4) and the repair sector (c23).
There is a major feminization of some service activities, where a qualitative change has been observed
in the sense that women have gained access to more qualified jobs (Cebrián and Moreno 2018).Economies 2020, 8, x FOR PEER REVIEW 11 of 24 
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Figure 3. Female worke s in each sector (left axis, percentage of total workers) and the change between
2008 and 2018 (right axis, percentage of 2008 figures). The sectors ar ordered by percentage of female
work rs in 2008.
Figure 3 also shows the volatility of the per le orkers per sector during the
rec ssion and recovery period. The great t t l ce in travel services (c52), which saw a
considerable reduction in the ratio of wo en t e e l e . griculture (c1), publishing services
(c37), and rental services (c50) also experienced significant reductions, while the largest increase took
place in the employment services sector (c51) followed closely by other professional (c49) and personal
(c62) services, and chemical products (c11).
These graphs show that the EU has a gender-segregated labor market. According to the modified
version of the dissimilarity index used (IDw), based on the 64-sector breakdown, the proportion of
women workers required to eliminate gender segregation in 2008 was 21.01%, decreasing to 20.27% by
2018. The Φw index points in the same direction (with values of 0.1385 and 0.1272, respectively). Thus,
gender sectoral segregation in the European labor market declined over the study period, chiefly as a
result of male job-losses (Humpert 2015).
3.2. Structural Decomposition Results
The effects cited below are the measures of the change in female employment if, and only
if, the aforementioned component is considered. They are the average of the two possible polar
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decompositions8. The overall results for female employment, presented in Table 1, show that
technological change reduced female employment opportunities over the study period, while shifts in
final demand increased them9. Since the latter effect is greater than the former, this translates into a
growth rate of almost 1% in female employment in the EU. The two components, while respectively
assuming a positive/negative evolution in the number of jobs, contribute to the reduction in female
sectoral segregation, due to sectoral differences in changes in the distribution of female and male
employment, an issue that will be analyzed later.
Table 1. Structural decomposition of female employment change.
Component Thousands of Jobs IDw Φw
Initial indices of sectoral gender segregation 21.01 0.1382
Technological change −15,182.9 20.91 0.1345
Labor requirement change −15,402.0 21.27 0.1398
Change in women’s labor participation −239.8 21.26 0.1390
Productivity change −15,169.6 20.97 0.1381
Intermediate consumption change 223.8 20.71 0.1361
Final demand change 20,087.5 20.47 0.1328
Expenditure by households 9434.8 20.56 0.1342
Expenditure by government 5884.8 20.85 0.1371
Gross capital formation 1087.5 21.09 0.1391
Exports 3680.4 20.91 0.1371
Total change/final indices 4904.6 20.27 0.1272
Just as employment patterns vary across sectors, the same can be expected for the effects of the
various components of the model. As can be seen from Figure 4, total female employment decreased in
absolute terms in sectors such as agricultural (c1) and textiles (c6) products, and retail services (c30).
Female employment growth was concentrated in the service sectors; more specifically, growth was
concentrated in residential care (c57), education (c55) and human health (c56). These three sectors
employed 27.3% of the female workforce in the EU 28 in 2008; a share which rose to over 30.8% by
2018. Smaller but nevertheless significant growth can also be observed in the accommodation (c36),
travel (c52) and legal accounting (c45) sectors. The overall effect, therefore, is a marked increase in
employment, particularly in the activities involved in delivering public services, which were affected by
the austerity measures adopted by some countries, which consisted mainly of public service cuts aimed
at reducing national budgets. These forced an increase in final household consumption expenditure on
such services, and ultimately had a direct positive impact on female labor opportunities.
The demand effect results, ceteris paribus, in the creation of over 20 million female jobs, that is,
around 20% of the pre-2008 figure (Table 1). It is quite clear that final demand change had a positive
impact in almost all sectors, but mainly in the services sectors; especially those employing higher
shares of female workers; i.e., human health (c56), residential care (c57), retail (30) and education (c55).
All four demand components contribute positively, but to different degrees. The bulk of the
impact comes from household expenditure, which accounts for 47% of the aggregate demand effect.
Government expenditure has the next strongest influence with 29%; the export component is also
significant, accounting for 18% of the total demand effect. The minor contribution of gross capital
formation, meanwhile, shows that this final demand component remained practically stable throughout
the entire study period. All components other than gross capital formation contributed to reduce
female sectoral segregation.
8 The interaction effects are ignored because, based on this average, they are almost null.
9 This is a common finding in SDA applications analyzing employment change, which is why authors focus their analyses
mainly on the other components (Madariaga 2018).
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Figure 4. Total, final demand and technological c le e ployment (millions of jobs). The
sectors are order d by total change.
A look at the components of final demand change, shown in Figure 5, enables us to conclude that
several sectors benefited considerably due to change in household consumption. The highest female
employment gains, in order of magnitude, occurred in retail (30), accommodation (c36), residential
care (c57), security (c53) and human health (c56) services. Very few sectors were negatively affected
by change in private consumption, and, even then, the impact was negligible. The reduction in the
segregation index due to this effect taken in isolation would be due mainly to the performance of
four sectors, three of them feminized. In the textile industry (c6) the number of women employed
decreased more than that of men, and in education (c55) and health (c56) services, the number, both
of women and men employed, grew, but the increase relative to the total was lower for women. In
construction, the fourth sector in question, which employs predominantly male workers, the reduction
in the segregation index is due to the fact that, although both magnitudes grew in absolute terms, they
both decreased in relation to total employment, although the male ratio fell further than the female ratio.
The trend in some sectors would have the opposite effect, thereby increasing the segregation index.
These include retail (c30) and accommodation (c36) services, where there is a higher concentration of
female than male workers, and the women’s share increases more than that of men. The agriculture
sector (c1) also contributes positively to the increase in the index, but in this case due to men’s share in
employment increasing more than that of women.
The effect of change in government expenditure follows a clear pattern. Employment opportunities
for women increase in all sectors, thanks to higher public expenditure. This, in addition to the household
expenditure effect, explains the increase in female employment in the service sectors. However, it is
obvious that job options for women improved only in a few sectors which already had a predominance
of female workers, including, predictably, the three main publicly-financed sectors of human health
(c56), residential care (c57) and education (c55). The evolution of employment in these three sectors
contributes positively to the increase in the segregation index due to higher growth in the female than
the male share in total employment. The agricultural sector also contributes positively to the increase
in the index, but, in this case, the reduction is greater in the women’s share, thus resulting in further
masculinization of the sector. The retail (c30) and accommodation (c36) services and construction
sector (c27) contribute in the opposite direction due to the reduction in the female share being greater
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in the first two, and the reduction in the male share being greater in the last. These changes narrow the
gap between the two shares, thus reducing their contribution to the segregation index.
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Figure 5. Final demand change effect on female employment by sectors (millions of jobs). The sectors
are ordered by total final demand change.
Taking into account the under-representation of women in export-oriented sectors
(Rueda-Cantuche and Sousa 2017), the security services (c53) is where export-change effects are
felt the most. In this case, the impact is positive and greater than that experienced by any other sector.
Meanwhile, exports increased female job opportunities in legal services (c45), retail (c30) and wholesale
(c29) trade sectors, and in some industrial sectors such as motor vehicles (c20) and textiles (c6). The
employment trends of all sectors are seen jointly to reduce gender sectoral segregation; the biggest
contributors are construction (c27) and the three largely public contributors are service sectors of
education (c55), health (c56) and residential care (c57). The opposite situation applies in sectors such as
the textile industry (c6) and security services (c53) which employ more women than men and show
higher growth in female employment. Other sectors, such as motor vehicles (c20) and other transport
(c21) industries, present a similar picture, but, being male dominated, show higher growth in male
than female employment.
Finally, globally speaking, the effects of investment change are not significant and account for
around 5% of the total demand change effect. Analysis by sectors shows that the investment component
had a significant impact in two sectors that develop a particular kind of capital, namely security and
investigation (c53) and computer programming (c40) services. The overall trend leads to an increase in
the segregation index, where the main contributors are computer programming (c40), security services
(c53) and construction (c27).
Technological change also has a significant impact, albeit with a very different trend pattern,
having caused a net decrease in female employment of more than 15 million jobs. Its components
vary behaviorally. Change in intermediate consumption requirements increased female employment
opportunities by the equivalent of 0.22 million jobs, whereas changes in female labor requirements had
a strong, negative effect over the study period, reducing female employment opportunities by 15.4
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million jobs (Table 1). Deeper examination of this negative effect identifies the main cause as increased
productivity, which led to a job loss for women of 15.2 million. Change in the female share in the job
market also contributed negatively, but on a much smaller scale. This last component contributes to
increase female sectoral segregation, while the others have the opposite effect.
Technological change had a negative overall effect on most sectors. It is worth noting that those
worst hit were the retail (c30) and agricultural sectors (c1), which, as mentioned earlier, saw the biggest
drop in female employment in absolute terms. These sectors are followed immediately in the ranking
by human health services (c56), which employs one of the highest absolute numbers of women.
With respect to the components of technological change, as Figure 6 shows, intermediate
consumption change had a fairly modest impact in many sectors, with notable effects in only a few. Its
greatest positive impact was in security (c53), computer (c40) and retail (c30) services, whereas it had a
negative impact on labor use in sectors such as construction (c27), agriculture (c1) and wholesale trade
services (c29). If account were also taken of the evolution in male employment, this would result in a
decrease in the segregation index. Under these circumstances, the health (c56) and residential care
(c57) services would contribute positively to this reduction, given that it was the women’s share in
employment that sustained the greater loss. In other, more male-dominated, sectors, such as mining
(c4), metals (c15 and c16) or construction (c27), the contribution of these sectors to the reduction in the
segregation index is due to the male share experiencing the bigger drop.
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Figure 6. Technological change effect o f l l t by sectors (millions of jobs). The sectors
are order d by total technological change.
Change in labor require e t rs ad a very different overall effect from that of
intermediate consumption change, in that i was negative and of greater magnitude. A sector that was
particul rly negativ ly affected was, as expected, retail trade servic s (c30). Meanwhile, th re was a
decline in the number of women’s job opportunities in security (c53) and health (c56) services due
to changing labor requirements, which also had a negative impact on the agricultural (c1) sector, the
textile industry (c6) and education services (c55).
As already stated, change in female labor requirements depends on change in the female
participation rate and change in productivity. According to Figure 7, productivity change had a much
more significant impact than change in female labor participation. With some exceptions, it was the
services sectors that saw the main impact of productivity growth, which was the main factor behind the
reduction in female employment in retail trade services (c30); the next worst affected were security (c53)
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and health (c56) services. Other sectors in which productivity change led to a major reduction in female
employment were agriculture (c1), the textile industry (c6), education (c55) and financial services (c41).
Given that the effect of productivity growth on male employment is even greater, the global impact on
the level of gender segregation should be positive, and therefore lead to a decrease in the index. Many
sectors contribute to this change. Among the male dominated sectors, those showing the greatest
drops in male employment are agriculture (c1) and construction (c27); while, among the feminized
ones, retail services (c30) and the textile industry (c6) make the biggest contributions. However, some
sectors contribute in the opposite direction; these include education (c55) and residential services (c57),
where the productivity growth trend leads to a proportionally higher increase in female employment,
thereby increasing the level of gender segregation.Economies 2020, 8, x FOR PEER REVIEW 16 of 24 
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Figure 7. Labor equirement change effect f l l e t by sectors. The sectors are ord red
by the total labor requirement change.
Although the impact of change in the female participat on rate is not comparable to that of change
in the productivity growth trend, i can be seen to have d a negative impact on agricult re (c1).
Again, retail (c30) and accommodation (c36) services are the second and third most negatively affected,
whereas in some sectors, such as security (c53), education (c55) and other personal (c62) services, it
meant an increase in women’s job opportunities. Note that education and other personal services are
the two sectors with the highest shares of female employment. All these factors considered, what
should be observed is an increase in the level of gender segregation. The main contributions would be
from some feminized sectors such as education (c55) and other personal (c62) sectors. The employment
trend in other sectors, such as retail (c27) and accommodation (c36) services would have the opposite
effect, contributing to reduce the level of segregation.
4. Discussion and Conclusions
This paper examines the evolution of sectoral female employment in the EU 28 from 2008 to
2018 using a structural decomposition analysis. Final-demand components are considered along with
intermediate consumption and labor market factors and comparative statics analysis is used to isolate
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individual factor effects. Potential change in the level of sectoral gender segregation under these effects
is also analyzed.
Analysis of employment figures in the EU 28 has revealed the presence of sectoral gender
bias, strongly contrasting male and female employment distribution patterns, and over- and
under-representation of women in certain sectors. Male workers predominate in construction and
other industrial sectors, while women are employed mainly in the services sectors. This could be the
reason for the strongly negative initial reaction of the male employment rate to the 2008 recession,
which hit the male-dominated sectors hardest.
The results of the structural decomposition analysis show that the sectors employing the largest
numbers of women are the most volatile. The initial breakdown of change in the number of
women workers into technological change and final demand change shows that the former had an
overall negative impact on female employment, while the latter, in general, increased women’s job
opportunities. Taking this information together with the results obtained for men, it can be said that
female employment patterns over the 10 year period of reference support the hypothesis suggesting
that, in the event of an economic crisis, women fare better than men in terms of employment. This can
be seen in the impact of technical change, which causes a reduction in employment that is greater, in
both absolute and relative terms, for men. Final demand performance provides employment gains
for both men and women, but has brought about a higher percentage increase in female employment.
This links with the aforementioned phenomenon of added workers and the substitution hypothesis,
which predicts an increase in jobs for women. These same results cannot support the buffer hypothesis,
however, which postulates lower numbers of women in employment.
Analysis of the impact of technological change shows that change in labor demand is the main
contributing factor to change in the number of women workers, given that, in most sectors, the other
component had a very modest impact in this respect. This suggests that changes in intersectoral
dependencies caused little variation in women’s job opportunities. Increased productivity was the
reason why job opportunities for women fell so dramatically as a result of technological change. In
fact, output grew faster than employment in most sectors during the recession, which meant that
each worker was required to produce more than before. The negative impact of productivity growth
was strongest in the services sectors, but was also felt in agriculture and textiles. It is important to
note, however, that the hardest hit of all was the retail sector, one of the main employers of women
along with education and health services. Change in female labor participation had a relatively small
negative effect globally, but patterns vary widely by sectors. The main negative effect is to be found in
agriculture, accommodation and retail services, whereas some other service sectors, such as research,
education and other personal services, saw a positive effect.
Final demand had a completely different impact, however. In all cases, its effect was positive,
manifesting in an increase in the number of women workers, particularly in the service sectors, which
saw the largest growth in job opportunities for women. This growth took place in the second part of the
study period; however, the quality of the new jobs, would be worth investigating, if the necessary data
were available. The main driver of female employment was household expenditure, which had most
impact in service sectors, such as health and education. Another group of sectors where household
expenditure had a positive impact are those serving basic human needs, such as food, which has low
income elasticity of demand. This group includes agriculture, the food and beverage industries, and
accommodation and food services. Governments’ final demand expenditure increased significantly
across the European Union over the entire study period 2008-2018. As might be expected, this had
an undeniable positive impact on female employment opportunities, since the sectors employing the
largest numbers of women include three public sectors, education, health and residential care services,
which is where the highest growth in female employment (81.6%) took place. Increased exports in
some sectors caused a major positive impact on female employment. External demand had a strong
impact in the retail sector, some manufacturing activities and in some business services. However, the
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fact that women are concentrated into less export-dependent sectors suggests a gender gap in terms of
export-supported employment across the EU (Rueda-Cantuche and Sousa 2017).
As in previous periods, increased demand in the domestic service industry is a key contributor
to the rise in the female employment rate observed from 2008 onwards (Akbulut 2011). As already
shown, these are the activities that employ the largest numbers of women, and the sectors which,
together with internal demand effects, have contributed most to increasing female labor opportunities
in Europe over the last few years.
Again, it would be interesting to obtain further information on contractual arrangements by
sectors, given that, according to Addabbo et al. (2014), female participation in the labor market is
sometimes atypical, i.e., through non-permanent jobs, involuntary part-time jobs or temporary work.
The gender bias affecting women in the labor market is also linked to changes in social norms with
respect to formal employment for women and household arrangements (Rubery and Rafferty 2013).
Thus, the decision to engage in formal employment also depends on the normative context in which
the decision-making is embedded. This means that those women who are expected to shoulder a larger
share of house work and family support see their capacity for formal employment undermined (Kushi
and McManus 2018).
These changes have resulted in a reduction in the level of gender sectoral segregation; change
in household expenditure again being the main driver. Changing trends in labor requirements and
gross capital formation have the opposite effect, thus increasing the level of sectoral segregation. These
results show that, despite the observed increase in female employment in the European Union over
the study period, there is still further need for gender-equity policies. Some empirical studies have
presented evidence suggesting that the expansion of social care services, specially in times of crisis and
high unemployment, would lead to economic recovery and generate employment in Europe, while
stimulating sustainability and gender equality. In fact, it might even lead the way towards new and
more effective policies for reducing unemployment and generating growth while at the same time
reducing gender inequality.
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Appendix A. Sectors and Codes
Sectors Code
Products of agriculture, hunting and related services c1
Products of forestry, logging and related services c2
Fish and other fishing products; aquaculture products; support services to fishing c3
Mining and quarrying c4
Food, beverages and tobacco products c5
Textiles, wearing apparel, leather and related products c6
Wood and of products of wood and cork, except furniture; articles of straw and plaiting materials c7
Paper and paper products c8
Printing and recording services c9
Coke and refined petroleum products c10
Chemicals and chemical products c11
Basic pharmaceutical products and pharmaceutical preparations c12
Rubber and plastic products c13
Other non-metallic mineral products c14
Basic metals c15
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Sectors Code
Fabricated metal products, except machinery and equipment c16
Computer, electronic and optical products c17
Electrical equipment c18
Machinery and equipment n.e.c. c19
Motor vehicles, trailers and semi-trailers c20
Other transport equipment c21
Furniture and other manufactured goods c22
Repair and installation services of machinery and equipment c23
Electricity, gas, steam and air conditioning c24
Natural water; water treatment and supply services c25
Sewerage services; sewage sludge; waste collection, treatment and disposal services; materials
recovery services; remediation services and other waste management services
c26
Constructions and construction works c27
Wholesale and retail trade and repair services of motor vehicles and motorcycles c28
Wholesale trade services, except of motor vehicles and motorcycles c29
Retail trade services, except of motor vehicles and motorcycles c30
Land transport services and transport services via pipelines c31
Water transport services c32
Air transport services c33
Warehousing and support services for transportation c34
Postal and courier services c35
Accommodation and food services c36
Publishing services c37
Motion picture, video and television programme production services, sound recording and
music publishing; programming and broadcasting services
c38
Telecommunications services c39
Computer programming, consultancy and related services; Information services c40
Financial services, except insurance and pension funding c41
Insurance, reinsurance and pension funding services, except compulsory social security c42
Services auxiliary to financial services and insurance services c43
Real estate services excluding imputed rents c44
Legal and accounting services; services of head offices; management consultancy services c45
Architectural and engineering services; technical testing and analysis services c46
Scientific research and development services c47
Advertising and market research services c48
Other professional, scientific and technical services and veterinary services c49
Rental and leasing services c50
Employment services c51
Travel agency, tour operator and other reservation services and related services c52
Security and investigation services; services to buildings and landscape; office support and other
business support services
c53
Public administration and defence services; compulsory social security services c54
Education services c55
Human health services c56
Residential care services; social work services without accommodation c57
Creative, arts, entertainment, library, archive, museum, other cultural services; gambling services c58
Sporting services and amusement and recreation services c59
Services furnished by membership organisations c60
Repair services of computers and personal and household goods c61
Other personal services c62
Services of households as employers; goods and services produced by households for own use c63
Services provided by extraterritorial organisations and bodies c64
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